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Abstract 

In this paper, we consider two 3-phase synchronous machines modeled in the 

dq rotor reference frame. Stator windings are connected in wye to an internal 

neutral point.  In this synchronous machines are set to produce 750KVA active 

power After that a step up transformer has been used to step up the output 

voltage of 415v to 11KV to transmit through transmission lines. The reading 

has been used from a Punjab based small power plant having two generators 

who has two generator sets of each 750KW capacity and a power factor of .85. 

The good way to resolve the problems for increasing or decreasing consumer 

load effects and for compensating active and reactive power in terms of 

inductive/capacitive loads, is the use of FACT devices in the system which has 

battery back-up and can provide extra energy to the system. It has been found 

that existing system can become more effective in terms of transient reduction, 

voltage stability and compensation of reactive power produced in the system 

by the help of STATCOM.  
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1. INTRODUCTION 

Energy is one of the most fundamental elements of our universe. It is inevitability for 

survival and indispensable for development activities to promote education, health, 

transportation and infrastructure for attaining a reasonable standard of living and is 

also a critical factor for economic development and employment. Hydropower is 
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renewable, reliable, clean, and largely carbon free, and represents a flexible peak-load 

technology. Hydropower is available in a broad range of project scales and types. 

Projects can be designed to suit particular needs and specific site conditions. As 

hydropower does not consume or pollute the water it uses to generate power, it leaves 

this vital resource available for other uses. Hydropower often supports other essential 

water services such as irrigation, flood control and drinking water supplies. It 

facilitates the equitable sharing of a common vital resource. At the same time, the 

revenues generated through electricity sales can finance other infrastructure essential 

for human welfare. This can include drinking water supply systems, irrigation 

schemes for food production, infrastructures enhancing navigation, recreational 

facilities and ecotourism [1-2].  

 

2. RELATED WORK 

Lee et al. [3] propose a hybrid control scheme for energy storage systems (ESS) and 

braking choppers for fault ride-through capability and a suppression of the output 

power fluctuation for permanent-magnet synchronous generator (PMSG) turbine 

systems. Essels et al. [4] proposed a STATCOM control structure with the capability 

to coordinate the control between the positive and the negative sequence of the grid 

voltage. The results clarify the effect of the positive- and the negative-sequence 

voltage compensation by a STATCOM on the operation of the FSIG-based wind 

farm. Troung et al. [5] present the simulation results of using a static synchronous 

compensator (STATCOM) to achieve damping improvement of an offshore turbine 

fed to a multi-machine system. Taki et al. [6] present the comparative performance of 

neuro- Fuzzy controlled Voltage Source Converters (VSC) based Flexible AC 

Transmission System (FACTS) devices, such as Static Synchronous Series 

Compensator (SSSC), Static Synchronous Compensator (STATCOM), and Unified 

Power Flow Controller (UPFC) in terms of improvement in transient stability. Zacob 

et al. [7] investigate the effect of Static Synchronous Series Compensator (SSSC) and 

Static Synchronous Compensator (STATCOM) on damping inters -area oscillations. 

 

3. PROPOSED WORK AND RESULTS 

Results for Rotor voltage Vd, Stator voltage Vs.   in terms of per unit values. In this 

load condition shown in Fig. 1, with 1200kw of pure resistive load has been taken 

which runs from sec 1 to sec 3. We can see that their harmonics in the start of the 

generators and at sec 3 when consumer load shuts down. We have found almost 

similar graphs with system having statcom but with less deviations in  Vd and Vq in 

loading conditions and Similarly graphs for other parameters inside generation units 

i.e. rotor speed (Wm), deviation in rotor (dw) speed and output active power (Peo) in 

terms of per unit values has been shown below. 
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Figure 1: (a) Stator voltage (Vd) (b) Stator voltage (Vq) of synchronous generator in 

per unit without using statcom. 

 

            

Fig. 2 (a) Rotor speed Wm 

(b)  Rotor speed  deviation dw 

(c) Output active power Peo 

without using STATCOM 

 

Fig. 3 (a) Rotor speed Wm 

(b)  Rotor speed  deviation dw 

(c) Output active power Peo with using 

STATCOM 

If we compare the above parameters in generation unit it has been found that system 

with statcom provides more stability in terms of output active power which in turns 

depends upon rotor speed and the deviation in it. As we can see that the graph lines 

are more flat and near to 1 when there is statcom in the system and less harmonics in 

the start of the system. It shows that statcom helps in die-out the transient harmonics 

and compensate the effect of sudden increase or decrease in the consumer load effect 

on the generation system. For generator operation at no load, a positive torque is 

applied to the shaft; results in the rotor flux angle advanced ahead of the stator flux 

angle. It is important to note that when seen the stator voltages, with the machine 

operating in the under excited mode, there is linear increase in both voltages. This 

means the machine is absorbing reactive power from the system. The opposite occurs 

when the machine is in the overexcited mode i.e. when we attach the load more than 

its generation limits. 
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Fig. 4 (a) VPQ lines at bus B1-B4 

for system without using statcom 

Fig. 5 (a) VPQ lines at bus B1-B4 for    

system with using statcom 

 

Figure 4 and 5 shows that the there is more reactive power in system not having the 

statcom. The bottom column in last two figures is showing the reactive power of the 

system lost in the losses. As we seen in the system having statcom, there is more 

active power. The other main difference is when the load starts. There is high increase 

in sudden value in all the three parameters and the first system shows instability in 

graphs. On the other the system with statcom compensates the sudden increase in load 

and the active power achieves horizontal line in value in very small time. 

As seen in figures 6 and 7 it has been found that, there is increase in reactive power at 

all bus locations when there is fault in the system. It has also been noticed that 

Statcom recovers early from oscillations as compared to old system.  

 

   

 

Fig. 6 Output active (upper column) 

and reactive power (bottom column) 

power without using STATCOM 

Fig. 7 Output active (upper column) 

and reactive power (bottom column) 

power with using using STATCOM 
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As seen in Fig. 8, it has been found that the system with statcom has less reactive 

power and more active power. The STATCOM is a combination of a voltage sourced 

converter and an inductive reactance and shunt connected to power system. This 

convert supplies leading current to the AC system if the converter output voltage is 

made to lead the corresponding AC system voltage. Then it supplies reactive power to 

the AC system by capacitive operation. Conversely, the converter absorbs lagging 

current from the AC system; if the converter output voltage is made to lag the AC 

system voltage then it absorbs reactive power to the AC system by inductive 

operation. If the output voltage is equal to the AC system voltage, the reactive power 

exchanges.  

 

Fig. 8 Reactive power Qm and secondary voltage Vm at statcom terminal 

 

This voltage is provided by a voltage-source PWM inverter and is always in 

quadrature to the STATCOM current. When the secondary voltage (VS) is lower than 

the grid system bus voltage (VB), the STATCOM acts like an inductance absorbing 

reactive power from the grid bus. When the secondary voltage (VS) is higher than the 

bus voltage (VB), the STATCOM acts like a capacitor generating reactive power to 

the grid bus. In steady state operation and due to inverter losses, the bus voltage (VB) 

always leads the inverter ac voltage by a very small angle to supply the required small 

active power losses.  

 

4.  CONCLUSION 

Hydropower is renewable, reliable, clean, and largely carbon free, and represents a 

flexible peak-load technology. Hydropower is available in a broad range of project 

scales and types. Projects can be designed to suit particular needs and specific site 

conditions. It is observed that STATCOM helps in die-out the transient harmonics and 

compensate the effect of sudden increase or decrease in the consumer load effect on 

the generation system. Whenever there is increase in reactive power at all bus 

locations due to fault in the system, it has been noticed that STATCOM recovers early 
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from oscillations as compared to old system. In some particular cases it is also 

observed that STATCOM acts like an inductance absorbing reactive power or 

capacitor generating reactive power depending upon the level of secondary voltage.  
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